Strain imposed on aromatic compounds alters the properties of the aromatic systems. Of particular interest is strain that is imposed in the s-plane, namely, perpendicular to the p-system. When the strain is imposed in an angular manner (schematically shown in 1) it causes the localization of the aromatic bonds. 1 When imposed in a linear manner (as in the title compound) the aromatic moiety changes dramatically. 2 However, in the particular case of benzo[1,2:4,5]dicyclobutadiene 2 it was predicted that this system should show two types of isomerism: 3 bond-stretch isomerism (2a with D 2h symmetry vs. 2b and 2c with C 2v symmetry) and Kekulé isomerism (i.e. 2b vs. 2c). As the title derivative of 2 was prepared some years ago, 4 and the study of its chemical and physical properties has not yielded conclusive answers, 5 and in light of the controversial issue of bond-stretch isomerism, 6 it was decided to characterize the structure crystallographically.
The title compound 3 was made as previously published. 4 Crystals suitable for X-ray analysis of this highly sensitive compound 4 were obtained by careful recrystallization from pxylene. Five data sets of different crystals of different quality and at various temperatures were collected. All of them showed the same features that are presented in Fig. 1 (the essential bonding parameters can be found in the figure caption). In the monoclinic system (space group C2/c, a = 21.3735(5), b = 6.11890(10), c = 23.4144(6) Å, b = 99.8480(10)°, Z = 4), 7 the molecular structure was found to possess C 2 symmetry with some unexpected bond distances, especially in the central ring. To the best of our knowledge, the C(1)C(2) distance is the longest distance ever found in a benzene ring. The geometry is not expected to be essentially influenced by intermolecular contacts, which are mostly beyond van der Waals contacts; the closest are at H(9B) and H(12A) with 2.22 Å (C-H distances expanded to 1.08 Å).
Although Schulman and Disch 3 predicted unusual structures for 2, all the structural features of 3 are different than those predicted theoretically. The symmetry of the benzobicyclobutadiene skeleton in 3 is D 2h , as in 2a, but the bond lengths are closer to a hybrid of the two theoretical C 2v isomers 2b and 2c. 8a However, the annelated bonds in 3 are shorter than the average of the respective bonds in 2b and 2c. Also, it looked like the more stable isomer was not the one that was experimentally found. 8b In order to resolve this dichotomy, we decided to study the issue using ab initio calculations on 2 at higher theoretical levels.
GAUSSIAN 94 9 was used. The systems under study were optimized at the B3LYP/6-31G* and MP2/6-31G* theoretical levels, which have been shown to produce reliable structures for small-ring annelated benzene systems. 1c,10 Table 1 summarizes the geometry of the systems obtained at these levels of theory. It was found that there are only two bond-stretch isomers, both possessing D 2h symmetry. One is similar to 2a, and the second one, 2d, does not correspond to 2b (or 2c) but is similar that one found in the crystal structure of 3. Furthermore, 2d is theoretically predicted to be 2.4 and 3.7 kcal mol 21 (at B3LYP/ 6-31G* and MP2/6-31G*, respectively) more stable than 2a. Both isomers have been shown to be minima on the potential surface by frequencies calculations.
Although the agreement between the calculated and observed structures is reasonable, we have calculated the structure of the 4,5,9,10-tetraethenyl derivative of 2 (4), to see if the alkenyl substitution (that mimics the phenyl substitution in 3) is responsible for (at least some) of the geometrical differences between the calculated and measured structures. Fig. 2 shows the geometry of 4 (at D 2h symmetry) 11 and Table 2 presents an error survey of the studied systems. The numbers in Table 2 suggest that (i) B3LYP/6-31G* and MP2/6-31G* describe the system with about the same accuracy, 12 and (ii) that at least a part of the discrepancy between the measured and calculated structures is due to the substitution. This can be concluded from the fact that the average error values for 4 are 37% smaller than for 2, and that the sign of the error for different bonds is different.
We are currently studying the issue of interconversion between the two isomers theoretically, and are trying to prepare other derivatives of the title compound that may yield the other bond-shift isomer.
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